After a review of the present situation in the AGS incoherent space charge effects in respectively the just injected beam, the coasting beam and the bunched beam are considered. Numerical estimates of shifts and spreads in betatron frequencies are given. The ratio of peak to average azimuthal densities in bunched beams is calculated for parabolic and uniform initial energy distributions. It Since the rate of closed orbit motion in the neighborhood of the inflector (= bump collapse rate) necessary for stacking in betatron phase space is nearly constant and chosen to have even the largest partial acceptance flooded by a properly adjusted horizontal emittance ellipse of the injected beam, one would expect the circulating beam to increase quadratically rather than linearly.
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In the early part of the injection period in particular, the way in which the circulating beam increases is affected by the excitation of the two bump magnets, bending magnets, one about a quarter betatron wavelength upstream of the inflector exit, the other a quarter wavelength downstream of it, which together produce the variable bump in the closed orbit at inflector azimuth. These magnets are excited by half sinusoidal currents whose relative amplitudes and phases would seem to be important for the development of the partial acceptance. In practice timing appears to be more important than amplitude ratio and neither arrives at theoretical values during tuning for maximum intensity.
Although the injected beam is known to be 1.5-2 cm high at the exit of the inflector (calculated from emittance measurement and supported by flag observation) it increases by a factor 2-3 within the first few hundred revolutions. This is not caused by obvious vertical steering errors and/or maladjustment of the vertical emittance, and seems even fairly independent of these parameters.
The energy characteristics, i.e. central energy and distribution, of the linac beam appear to be of prime importance.
Space Charge Effects in Injected Beam
Space charge effects in the just injected beam tend to invalidate previous considerations on multiturn stacking in betatron phase space since these were based on linear transformations. 12 The motion of particles inside an azimuthally short sample of the just injected beam is subject to external forces, i.e. the guiding field, the self-field of any already circulating beam, the self-field of any later injected circulating beam and to internal forces, i.e. the self-field of the sample itself. If the nonlinearities in the external forces are small enough to neglect the differences of their effects on individual particles in the sample for the several revolutions necessary to define the partial acceptance for that sample, the betatron motion of those particles may be described as the superposition of one with respect to the sample's axis and one of that axis with respect to the closed orbit. Each motion is a rotation in a properly normalized transverse phase space, the rate of rotation about the axis is less than the rate of rotation of the axis about the closed orbit in the presence of space charge. The instantaneous rotation rate about the axis is a function of the radial and axial excursion with respect to that axis. In Appendix A we calculate to first order the frequency shifts as functions of the amplitudes for a circular cylindrical beam matched to the external focusing system, with a uniform population in four dimensional phase space, neglecting image effects. Applying the result to the AGS for the injected beam, assuming a beam current of 0.8 x 50 mA inside two dimensional emittance of 3r X 10-6 rad-m, one finds a frequency spectrum that stretches from vu-0.31 for particles with negligible amplitudes with respect to the sample axis in either plane to v-0.08 for particles with maximum excursions in each plane. The first shift is twice as large as would be found for a beam of equal dimensions and current but uniformly populated in real space. Since the actual distribution in four dimensional phase space is peaked towards the center, space charge defocusing is more nonlinear than assumed and the maximum frequency shift therefore larger.
These tune shifts cause deviations from expected transverse positions on successive revolutions and make it impossible to fully populate the partial acceptances defined by linear theory. They also distort the shapes of the partial acceptances and make their boundaries vague. As a result, the acceptance of the accelerator cannot be populated to the density of the injected beam.
Because image effects were neglected in this calculation, the frequency shifts obtained are likely to be smaller than the real ones, perhaps by 20%. The zero amplitude shift in axial direction is very large, but reduces to -0.05 for motion of maximum amplitude (= 3 cm).
Azimuthal Density Distributions
In view of the importance of the azimuthal density distribution a computer program was written to study this in dependence of the energy distribution in the injected beam, the synchronous energy in the accelerator as determined by guiding field and rf frequency, peak energy gain per turn and rate of acceleration. Assuming adiabatic processes throughout,the program maps the (azimuthally uniform) energy distribution that exists before capture begins onto accelerating buckets with specified characteristics. Thereafter it projects the resulting distribution onto the phase (= azimuthal) axis, yielding the azimuthal density distribution. The betatron motion of a test particle in free space (no image effects) follows from It may be seen that the space charge induced octupole causes the betatron frequencies for most particles, (i.e. those with x # 0 and y # 0) to be modulated with twice the difference in betatron frequencies. In the extrema and with AD, << v: =Vx EVXO [l-{8 (X/p)2 + i (1 ± i) (y/p)2} 1S
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